Membrane-filtered bay water can support a certain degree of growth of Escherichia coli organisms isolated from the bay water or from sewage. The effect of the growth medium (bay water versus rich medium) on sensitivities to antimicrobial agents and cell envelope proteins was studied in many of these strains. Bay water-grown cells were less sensitive to bacteriophages and colicins, but were more sensitive to heavy metals and detergents as compared with richmedium-grown cells. These results indicated that the cell envelope composition of the bay water-grown cells could be modified, resulting in altered susceptibility to various antimicrobial agents. An analysis of cell envelope proteins by sodium dodecyl sulfate-polyacrylamide gel electrophoresis revealed that cells from richmedium-grown cultures contained two or three major outer membrane proteins, whereas in bay water-grown cells, the OmpF protein was greatly reduced.
Water, which covers nearly three-fourths of the earth's surface, is the habitat of biochemically versatile microflora. Water bacteria play an indispensable role in nutrient cycles and in chemical and ecological processes. In studies of these organisms, laboratory media have been commonly used for cultivation. As a result, some data obtained from cultures grown in rich laboratory media may not represent the intrinsic properties of the aquatic organisms grown in their natural habitat. Bay water, which contains minute amounts of required nutrients, can support a limited degree of bacterial growth. In the Chesapeake Bay, bay water contains, per liter: 10 to 90 ,ug-atoms of N, including N03 , NH4', urea N, and N02 ; 0.6 to 1.8 mg-atoms of P; and about 15 mg of dissolved organic carbon (26, 35, 37) . Therefore, cultivation in bay water can be used as a model system for the investigation of in situ properties of water bacteria. Unfortunately, no studies on the characterization of bacteria grown on natural bay water have been reported. Escherichia coli, although not an indigenous water bacterium, was selected for use in this study for several reasons. E. coli is an important bacterium of public health concern and has long been used as an indicator organism for water quality and food safety (19, 20) . This organism is well characterized in its genetics, biochemistry, physiology, and ecology. Thus, results from the t Contribution no. 1352 from the Center for Environmental and Estuarine Studies, University of Maryland. present study can be readily compared with existing information. Furthermore, investigations of this organism grown in bay water may serve as a model for the study of opportunistic growth of bacteria and for the study of the mechanism of survival or adaptation of terrestrial organisms in an aquatic environment.
The cell envelope of gram-negative bacteria consists of three layers: the inner membrane, peptidoglycan, and the outer membrane. The cell envelope contains proteins, phospholipids, and lipopolysaccharide. The outer membrane of E. coli K-12 grown in laboratory media contains a few predominant proteins, including porin proteins OmpF and OmpC, heat-modifiable OmpA protein, and lipoprotein (3, 13, 31, 32) . These major proteins are interspersed in the outer membrane bilayer with other cell envelope components to form a matrix-like structure which maintains the cell integrity and determines the cell permeability of nutrients and susceptibility to attack by external agents. Porins form channels in the outer membrane which allow nonspecific and passive transmembrane diffusion of small molecules such as sugars, amino acids, ions, and nucleotides (29, 30) . These proteins also serve as receptors for bacteriophages and colicins (4, (7) (8) (9) (10) 15) . OmpA protein is postulated to play an important role in bacterial conjugation and also functions as a surface receptor for bacteriophages and colicins (6, 18, 25, 30) . OmpA protein together with lipoprotein is necessary for maintaining the in-tegrity of cell outer membrane and cell morphology (24, 34) ; mutants lacking both proteins are extremely fragile and grow very slowly (33) .
The composition of the cell envelope can be altered quantitatively and qualitatively when the cells are exposed to different growth conditions and environmental stresses (23) Isolation of colicins. The colicins of mitomycin Cinduced cells of the respective colicinogenic strains were prepared by NaCl (1 M) extraction and precipitated with ammonium sulfate according to the procedure previously described (12) . The colicin titers were determined as arbitrary units which were defined as the highest dilution giving a clear zone on the lawn of the sensitive host cells. The selected colicins used in this study are described in Table 2 .
Preparation of bacteriophages. Bacteriophage stocks were prepared by lysis of host cells in broth at an early logarithmic growth phase (7) . The bacteriophages used and their characteristics are described in Table 3 .
Sensitivity to colicins, bacteriophages, heavy metals, and other chemical agents. The final colicin preparations were diluted in 20 mM phosphate buffer to a test concentration of 10 arbitrary units. Phages specific for outer membrane proteins, and other phages, were used at a final titer of 106 PFU/ml measured on a sensitive wild-type E. coli K-12 strain, JF568 or JF694 (7) . Heavy metals and other chemical agents were Preparation of cell envelopes. The cells were grown in 500 ml of PPBE in a 2-liter flask and incubated at 35°C on a rotary shaker to an absorbance at 650 nm of about 1.0. Cells were harvested by centrifugation at 4°C and washed with cold saline solution. The cell envelopes were prepared as previously described (6) .
To prepare the cell envelopes of organisms grown in bay water, each tested strain in PPBE broth, at a latelogarithmic growth phase, was diluted 200-fold into 500 ml of filtered bay water in 2-liter flasks. The cells were harvested after incubation at 35°C for about three generations on a rotary shaker. Cell envelope material was prepared as described above (6 colicins. However, only one of these organisms, when grown in bay water, was sensitive to one of these colicins. Similar differences in colicin sensitivity (data not shown) were found between bay water-and rich-medium-grown cells of eight E. coli strains isolated from raw city sewage. Each of these eight sewage cultures (100%o) was sensitive to 65% of the colicins for PPBE-grown cells, whereas only three of the eight cultures (37%) were sensitive to just one of the six colicins (17%) for bay water-grown cells. The higher resistance of bay water-grown cells than PPBE-grown cells to bacteriophages and colicins has a significant implication for the survival of these organisms in the natural aqueous environment. These organisms grown in the natural bay water appear to have a higher resistance to bacteriocins and bacteriophages than those grown in rich medium under laboratory growth conditions. There are at least five possible explanations for the higher resistance of bay water-grown cells to various phages specific for outer membrane protein and to colicins: (i) cell envelope components or structure (or both) in the bay water-grown cells can be altered, resulting in the loss of phage and colicin receptors; (ii) the repulsion of phage particles or colicin molecules by ionic charges or electrostatic forces from the cell surface of bay water-grown cells may result in the failure of phage or colicin adsorption to the cells; (iii) the required cofactors for phage adsorption (2) Sensitivity to detergents and other chemicals. The sensitivity of E. coli to detergents, dye, and zwittergent is shown in Table 7 . As with the heavy metals, bay water-grown cells were more sensitive to sodium dodecyl sulfate, Triton X-100, sodium sarcosinate, Zwittergent 3-12, and methylene blue than were PPBE-grown cells 8 (C), 9 (D), 10 (E), 11 (F), 16 (G), 21 (H), 12 (I), and 13 (J). (11, 27 
